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THS	  is	  receiving	  increasing	  aAenGon	  …	  



…	  and	  impacGng	  the	  media,	  regulators	  and	  advocacy	  groups	  
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Tobacco toxins that remain,  
react, re-emit and/or re-suspend  

in indoor environments 
 

Working 
definition:  

 

Secondhand	  smoke	  
	  	  

ü  primarily	  inhalaGon	  
ü  short	  Gme	  scales	  (min	  to	  hs)	  

Thirdhand	  exposures	  
ü  inhalaGon	  +	  dermal	  +	  ingesGon	  
ü  long	  Gme	  scales:	  up	  to	  months	  

Indoor	  	  
surfaces	  

What	  is	  thirdhand	  smoke	  (THS)?	  



1.  Refine	  the	  definiGon	  of	  THS	  	  

2.  Understand	  THS	  chemistry	  on	  indoor	  surfaces	  	  
(e.g.,	  nicoGne	  reacGon	  with	  O3	  and	  other	  species)	  

3.  IdenGfy	  key	  inhalable	  THS	  consGtuents	  	  
(harmful	  pollutants	  and	  THS	  tracers)	  

4.  QuanGfy	  the	  harm	  caused	  by	  secondhand	  and	  
thirdhand	  smoke	  

5.  Evaluate	  THS	  remediaGon	  approaches	  	  

Our	  goals	  
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Nico7ne	  adsorbs	  and	  
accumulates	  on	  surfaces…	  

how	  stable	  is	  it?	  

ParGGoning	  of	  tobacco	  
pollutants	  in	  furnished	  

50-‐m3	  chamber	  

Berkeley	  Lab’s	  early	  work	  on	  THS	  

“…airborne	  concentra-on	  of	  some	  ETS	  cons-tuents	  can	  be	  
significantly	  affected	  by	  sorp-ve	  interac-ons	  with	  indoor	  
surfaces…	  Exposure-‐relevant	  emission	  factors	  implicitly	  
incorporate	  sorp-on	  effects	  under	  realis-c	  furnishing	  and	  

ven-la-on	  condi-ons.”	  



1)	  Ozone	  quickly	  oxidizes	  nicoGne	  	  
on	  indoor	  surfaces	  

	  
	  
	  
	  
	  

2)	  We	  observed	  gas	  phase	  and	  parGcle-‐bound	  
byproducts:	  coGnine,	  nicoGnaldehyde,	  N-‐methyl	  

formamide	  

Burbank,	  CA	  -‐	  July	  
Weschler,	  2000	  (Indoor	  Air)	  

outdoors 

indoors 

	  
• 	  used	  to	  remove	  odors	  
• 	  up	  to	  hundreds	  of	  ppb	  

	  
O3	  

What	  is	  the	  effect	  of	  indoor	  ozone?	  

MAIN	  OZONE	  SOUCE:	  OUTDOOR	  AIR	  

OTHER	  INDOOR	  SOURCES:	  
AIR	  “PURIFIERS”	  

Destaillats	  et	  al.	  ES&T	  2006	  

Teflon	  
CoUon	  	  
cloth	  

Gypsum	  
wallboard	  
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30	  	  	  	  60	  	  	  120	  	  240	  	  500	  

Humidified	  air	  
(RH:	  50%)	  

Secondary	  Organic	  
Aerosol	  (SOA)	  yield	  (%)	   9.2	  

Concentra7on	  (µg	  m-‐3)	   186	  

Diameter	  	  (nm)	   70	  and	  120	  

Nico7ne	  (m/z	  162)	  

Sleiman	  et	  al.,	  Atmos.	  Environ.	  2010	  

Ozone	  reacGons	  with	  nicoGne	  create	  new	  ultrafine	  parGcles	  

[O3]0	  =	  100	  ppb	  

Advanced	  Light	  Source	  

Analysis	  of	  chemical	  
composi7on	  and	  	  

par7cle	  size	  
distribu7on	  

…	  also	  oxidaGon	  products	  that	  are	  
more	  irritaGng	  than	  nicoGne.	  
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smoke	  	  
before	  

exposure	  
	  to	  O3	  

	  smoke	  ager	  	  
1	  hour	  of	  
exposure	  	  
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(<	  100	  ppbv)	  

Sleiman	  et	  al.,	  Atmos.	  Environ.,	  2010	  

oligomers	  

Ozone	  reacGons	  with	  full	  cigareAe	  smoke:	  smaller	  parGcles	  
&	  more	  complex	  compounds	  



Formation of nitrosamines 

q 	  combusGon	  (indoor	  and	  outdoor)	  
	  
q 	  heterogeneous	  conversion	  of	  NOx	  
on	  indoor	  surfaces	  yielding	  HONO	  (g)	  
	  
q 	  typical	  indoor	  HONO	  levels	  are	  
10-‐40	  ppb	  (higher	  than	  outdoors)	  

Sources of HONO and NOx 

Carcinogens	  are	  created	  by	  reacGon	  of	  nicoGne	  with	  nitrous	  
acid	  (HONO)	  from	  cooking	  with	  gas	  
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Sleiman	  et	  al.,	  PNAS,	  2010	  

q 	  ReacGon	  of	  surface-‐bound	  nicoGne	  
with	  HONO	  formed	  carcinogenic	  
tobacco-‐specific	  nitrosamines	  (TSNAs)	  

	  

	  

	  

q 	  NNA	  is	  not	  present	  in	  fresh	  smoke	  

q 	  TSNAs	  were	  found	  on	  cabin	  surfaces	  
of	  a	  smoker’s	  vehicle	  

q 	  We	  determined	  the	  TSNA	  yield	  of	  
formaGon	  



Do	  these	  TSNA	  levels	  
pose	  a	  significant	  
health	  hazard	  ?	  	  	  

ImplicaGons	  for	  indoor	  exposures	  
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Exposure	  to	  THS	  via	  inhalaGon	  

Sleiman	  et	  al,	  ES&T	  	  2014	  

Amines	  and	  nitriles	  

Carbonyls	  and	  chlorinated	  VOCs	   Alkanes	  and	  alkenes	  	  

Aroma7c	  hydrocarbons	  

20	  min	  

2	  h	  
18	  h	  

Time	  aqer	  smoking	  

literature	  (SHS)	  

q 	  acrolein	  &	  acrylonitrile	  
exceeded	  CA	  reference	  
levels	  aqer	  18	  h	  	  	  (	  	  	  	  	  	  	  )	  



q  Metric	  developed	  by	  
WHO	  to	  assess	  the	  
burden	  of	  diseases	  	  

q  Accounts	  for	  years	  of	  
life	  lost	  +	  equivalent	  
years	  lost	  to	  disease	  or	  
disability	  	  

q  Integrates	  different	  
health	  outcomes	  

q  Enables	  idenGficaGon	  
and	  prioriGzaGon	  of	  
top	  toxicants	  

C: cancer 

NC: noncancer 

Car: cardiovascular 
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N: neurological 

Ren: renal 

Rep: reproductive 

D: developmental 

Hem: hematological 

Hep: hepatic 

Res: respiratory 

S: skin 

Sleiman	  et	  al,	  ES&T	  	  2014	  

QuanGfying	  the	  harm	  caused	  by	  inhalable	  THS	  consGtuents	  

DALYs:	  	  
Disability-‐Adjusted	  	  

Life	  Years	  



Sleiman	  et	  al,	  ES&T	  	  2014	  

ApporGoning	  SHS	  and	  THS	  contribuGons	  to	  harm	  

0	  

0.1	  

0.2	  

0.3	  

0.4	  

0.5	  

0	   5	   10	   15	   20	   25	   30	  
Cu

m
ul
a7

ve
	  D
AL

Ys
	  lo
st
	  

pe
r	  1

00
,0
00
	  e
xp
os
ed

	  
Hours	  Since	  CigareUe	  Was	  Smoked	  

0	  

0.2	  

0.4	  

0.6	  

0.8	  

1	  

0	   5	   10	   15	   20	   25	   30	  Fr
ac
7o

n	  
of
	  T
ot
al
	  D
am

ag
e	  

Assumed	  transi7on	  from	  SHS	  to	  THS	  

Scenario	  #2	  Scenario	  #1	  

SHS	  

THS	  

Between	  5%	  and	  
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to	  THS	  exposure	  



A	  very	  high	  profile	  thirdhand	  smoke	  case…	  

Mr.	  Ryan	  said	  he	  
would	  most	  likely	  rely	  
on	  an	  “ozone	  
machine”	  to	  “detoxify	  
the	  environment”	  of	  
the	  speaker’s	  office…	  



Summary	  and	  future	  steps	  

q THS	  ages	  to	  form	  irritants,	  parGcles	  and	  
carcinogens.	  	  	  

q There	  are	  sGll	  major	  informaGon	  gaps.	  
q  InformaGon	  on	  composiGon	  is	  limited	  by	  sampling	  and	  analy7cal	  

methods;	  especially	  for	  exposure	  to	  TSNAs	  &	  other	  toxicants	  

q Health	  impact	  assessment	  should	  be	  refined	  	  
and	  expanded.	  	  
q  IdenGfy	  key	  compounds	  for	  further	  toxicological	  evalua7on	  

q RemediaGon	  of	  THS:	  does	  it	  really	  work?	  
q Ozona7on:	  short-‐term	  and	  long-‐term	  residuals	  

q Develop	  guidelines	  to	  help	  pracGGoners	  and	  the	  public	  
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q 	  Peyton	  Jacob	  III,	  Suzaynn	  Schick	  
(UCSF)	  

q 	  California	  THS	  ConsorGum	  partners	  
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PotenGally	  harmful	  emissions	  from	  
electronic	  cigareAes	  
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COMMONLY	  HEARD	  
CLAIMS:	  

1.  E-‐liquids	  are	  healthy	  
(“food	  grade”,	  “natural”,	  	  
“organic”,	  “kosher”,	  etc)	  

2.  Emissions	  are	  just	  
“harmless	  water	  
vapor”…	  

Are	  e-‐cigareAes	  really	  as	  innocuous	  as	  adverGsed?	  	  



E-‐liquids	  and	  devices	  used	  in	  this	  study	  

	  	  CT	   	  BUB	   	  MOJ	  

Nico7ne	   18	  mg	   24	  mg	   18	  mg	  

PG:VG	   50/50	   	  	  	  	  	  ?	   	  	  	  	  ?	  

E-‐liquids	  

Clearomizers	  

+	   +	   -‐	  -‐	  

EGO	  
2.6	  Ω	  	  

AERO	  
2.0	  Ω	  	  
	  

air	  inlet	  

mouthpiece	  

Dial:	  3.3	  to	  4.8	  V	  

variable	  
voltage	  
baAery	  

(1650	  mAh)	  

power	  
buAon	  

coil	  wick	  



Secondhand	  vaping	  

Exhaled	  mainstream	  smoke	  	  
+	  	  

Sidestream	  smoke	  
(smoldering)	  

ONLY	  
Exhaled	  mainstream	  vapor	  	  

	  

Also,	  topography	  of	  vaping	  
can	  be	  very	  different	  from	  

that	  of	  smoking…	  
	  



Vaping	  in	  the	  laboratory	  
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Profiles	  of	  vapor	  temperature	  at	  3.8	  
V	  

•  Used	  mechanical	  system	  to	  simulate	  
puffing	  topography	  

•  Thermocouple	  placed	  in	  mouthpiece	  

•  AERO	  (2	  coils)	  had	  consistently	  lower	  
temperatures	  than	  EGO	  (one	  coil)	  

•  Samples	  were	  collected	  for	  two	  
different	  vaping	  regimes:	  
INITIAL:	  first	  5	  puffs	  
STEADY-‐STATE:	  aqer	  puff	  #30	  

Typical	  e-‐cigareAe	  topography:	  
•  vaping	  rate:	  2	  –	  4	  puff	  min-‐1	  
•  puff	  volume:	  ∼50	  mL	  
•  puff	  duraGon:	  2	  –	  8	  s	  
•  inter-‐puff	  interval:	  18	  –	  30	  s	  
•  puffing	  flow	  rate:	  ∼	  20	  mL	  s-‐1	  	  



VOCs	  emiAed	  at	  3.8	  V	  
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